Purpose Despite being the leading cause of cancer death, no prior studies have characterized survival patterns among Chinese Americans diagnosed with lung cancer. This study was conducted to identify factors associated with survival after lung cancer in a contemporary cohort of Chinese patients with lung cancer.
INTRODUCTION
Chinese Americans are the largest Asian group in the United States, with 4.0 million Chinese Americans counted in the 2010 Census. 1 In California, the most populous US state for Chinese Americans, this population increased 30% over a decade from 2000 to 2010, numbering nearly 1.5 million. 2 Lung cancer is the second and fourth most common cancer among US Chinese men and women, respectively, 3 and the most common cause of cancer death for both men and women, followed by prostate and colorectal cancers for men and breast and colorectal cancer for women. 4 We previously documented differences across multiple Asian American ethnic groups in survival after lung cancer among patients in the California Cancer Registry (CCR) 5 and among a series of female never-smoker patients. 6 However, no prior studies, to our knowledge, have characterized the survival patterns specific for Chinese Americans, particularly as the biology of the disease may be unique among this population, with a higher incidence of epidermal growth factor receptor (EGFR) tyrosine kinase domainactivating mutations 7 and, among Chinese women, a majority of lung cancers presenting among never-smokers. 6 Considering the high burden of disease in Chinese Americans, an examination of survival patterns and prognostic factors, with attention to both clinicopathologic and sociodemographic factors, may inform strategies to improve survival and potentially early detection by identifying subgroups with poor survival who may benefit from targeted screening efforts.
To provide insight into the prognostic factors for lung cancer among the growing Chinese American population, we used population-based CCR data enhanced with information regarding immigrant status and neighborhood-level information on socioeconomic status (SES) and residence in ethnic enclaves to examine patterns in lung cancer survival among Chinese persons in California, the US state with the largest Chinese population (one third of the US Chinese population).
METHODS

Case Selection
We obtained data for all first primary invasive lung cancers ( Information on patient race and ethnicity from cancer registry data is primarily based on information abstracted from hospital records and usually self-reported by patients, 9 but for a small proportion of patients, race and ethnicity may be based on assumptions or inferences by hospital personnel from other patient data including maiden name, surname, birthplace, or death records. Chinese ethnicity in cancer registry data includes Taiwanese. Because our previous studies have shown that Asian patients in the CCR with unknown registry birthplace are more likely to be US born, 10, 11 random imputation of nativity (US or foreign born) for patients with unknown birthplace would thus lead to an underestimate of US-born patients. To more accurately impute nativity, we applied a statistical imputation method based on the age at issue of Social Security number (SSN), using a crosswalk file provided by the Social Security Administration that indicates the year of issuance for each SSN sequence. By comparing the age of SSN issue with self-reported birthplace in previously interviewed cancer patients (n = 1,836) and based on maximization of the area under the receiver operating characteristic curve and confirmation with logistic regression modeling, patients receiving an SSN before age 25 years were considered US born, and those who had received an SSN at or after age 25 years were considered foreign born. This age cut point resulted in 84% sensitivity and 80% specificity for assigning foreignborn status across the Asian populations. 12 For our study, registry-based birthplace data were available for 93% of the Chinese patients (72% from hospital records and 21% from death certificates). Nativity was imputed using the method described earlier for approximately 7% of patients without registry birthplace information. For the remaining less than 1% of patients for whom SSNs were missing or invalid, we randomly assigned nativity based on the overall sample's joint distributions of race/ ethnicity, sex, and age.
Patient residential address at diagnosis was geocoded and assigned to a census block group, which was then linked to block group-level census measures. Neighborhood SES is a composite index developed previously from principal component analysis, incorporating information on education, occupation, employment, household income, poverty, and rent and house values from the . 13, 14 Ethnic enclave is defined as a neighborhood that maintains more Asian ethnic mores and norms and/or is ethnically distinct from its surrounding area. It is characterized using a composite index based on the following four census indicator variables: percentage of recent immigrants, percentage of Asian/Pacific Islander (API) language-speaking households that were linguistically isolated, percentage of API language speakers with limited English proficiency, and percentage of API population. 15 
Determination of Follow-Up and Vital Status
CCR routinely collects information on patients with cancer through active and passive follow-up until confirmation of their death using linkages to data from the diagnosing hospital, state and national vital statistics databases, and other data sources. Underlying causes of death, coded by ICD, 10th edition (used in the CCR for deaths starting in 1999), were obtained from death certificates, and deaths assigned codes C34.0 to C34.9 (ICD, 10th edition) were identified as being a result of lung cancer. Follow-up time for overall mortality was computed as the number of days between the date of diagnosis and the first occurrence of the following dates: date of death, date of last known contact, or end date of follow up (December 31, 2012).
Statistical Analysis
To describe overall survival time after lung cancer diagnosis among Chinese Americans in California, we estimated median all-cause survival among patients, overall and by demographic, neighborhood, and tumor factors by sex. To assess the independent influence of patient, tumor, or treatment characteristics on survival and identify possible prognostic factors, we conducted Cox proportional hazards multivariable regression by sex. We tested the proportional hazards assumption based on correlation test of time versus scaled Schoenfeld residuals. The assumption of proportional hazards was violated for chemotherapy, and the test statistic was marginally significant for SEER summary stage (local, regional, distant, or unknown). Therefore, hazard ratios (HRs) and 95% CIs were computed using stratified Cox multivariable models, with stratification on chemotherapy and SEER summary stage, which allowed the baseline hazards within each model to vary by the strata variable(s). All of the independent variables of interest in Table 1 that were statistically significant at P , .10 in unadjusted models were included in the multivariable model, and covariates included in the final models included year of diagnosis, age, marital status, nativity, neighborhood SES, neighborhood ethnic enclave, urban or rural region, surgery type, radiation, cancer center, and histologic subtype. All statistical analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC). All statistical tests were two-sided with an a = 0.05.
RESULTS
Patient Characteristics
Among Chinese American men in California diagnosed with lung cancer between 2000 and 2010, more than half (55.8%) were age 70 years or older at diagnosis ( Among Chinese American female patients, slightly more than half were diagnosed at age 70 years or older, and nearly 90% were foreign born. Relative to Chinese American men, a considerably lower proportion of women (58.4%) were married at diagnosis, whereas nearly one third (30.8%) were previously married (separated, divorced, or widowed). The distributions of primary health insurance, neighborhood SES, and ethnic enclave were similar to those for men. A small proportion of female patients (12.9%) received care at an NCI-designated cancer center. Although a slightly higher proportion of female patients, relative to male patients, were diagnosed at local stage (14.7% v 13.6%, respectively), women also had a slightly higher rate of distant disease compared with men (63.3% v 60.8%, respectively). Of note, a considerably higher proportion of tumors were adenocarcinomas in women versus men (65.5% v 46.5%, respectively), whereas women had lower rates of small-cell and squamous cell histologies. In multivariable hazard models, independent associations with better overall survival were found for receiving care at an NCI-designated cancer center and specific histologies including adenocarcinoma and large-cell carcinoma (although the latter association was of borderline statistical significance). Married men had somewhat lower mortality than unmarried men, but this association was not statistically significant (HR, 1.22; 95% CI, 0.98 to 1.51).
Survival
Among Chinese American women, overall median survival was higher than for men (18.7 months; 95% CI, 17.1 to 20.6 months) overall. In a multivariable model including both men and women, the HR comparing risk of death among women to men was 0.82 (95% CI, 0.75 to 0.89; data not shown), suggesting that the female survival benefit was not explained by other variables. In the multivariable hazard model, higher mortality was independently associated with never being married, living in lower SES neighborhoods, receiving care from facilities other than NCI-designated cancer centers, and having squamous cell histology (relative to small-cell histology).
DISCUSSION
In this analysis of survival among all Chinese American patients with lung cancer in California from 2000 to 2010, we found that social factors such as birthplace, marital status, and SES were important prognostic factors for women but less so for men. Among Chinese American women, median survival varied substantially, by as much as 12 months among those living in the highest and lowest socioeconomic groups. We also found significantly higher survival among Chinese American women compared with Chinese American men, with a 5-month difference in median survival. Although we did not have data on smoking status among the patients with cancer, prior studies in Chinese Americans have shown that the majority of female patients are never-smokers (eg, 70% in one study), 6 whereas the majority of male patients are current or former smokers (eg, 86% in the same study). 6 These major discrepancies in smoking history by sex suggest either that the survival differences we observed may be in part attributable to our inability to measure smoking as a prognostic factor and/or that lung cancer among smokers is a different, perhaps more aggressive disease entity than lung cancer among never-smokers. 7 The improved survival among women compared with men has been consistently observed and is thought to indicate sex as an independent prognostic factor that may be related to differences in tumor molecular or biologic profile, drug metabolism, and/or DNA damage susceptibility and repair capacity. 16 Social factors are suggested from the results to be potentially important prognostic factors after lung cancer diagnosis, although more so for Chinese women than for Chinese men. Improved survival among patients who are married compared with those who are unmarried has been well documented across multiple cancer sites, 17 other health outcomes, and overall mortality. 18 This association is often suggested to be attributed to greater social support among patients with cancer who are married. However, we do not observe a difference in survival when comparing married patients with those who were previously married (ie, separated, divorced, widowed), suggesting that additional factors may be responsible for the higher mortality among never-married patients that is distinct from previously married patients. The successively higher mortality with lower neighborhood SES suggests mechanisms related to access to health care and other resources. Although we were able to account for health insurance and other tumor and treatment characteristics, we were not able to account for quality of care, detailed treatment, comorbidities, use of palliative care, and other factors that may mediate the association between SES and survival.
We found that among both male and female Chinese American patients, the small proportion of patients receiving care at an NCI-designated cancer center had improved survival compared with those receiving care at non-cancer center facilities. NCI-designated cancer centers are academic centers that are characterized by their cancer research, but with relevance to cancer care, they may also provide more state-of-the-art cancer care, integrated care and tumor boards, and access to clinical trials. We cannot discount that unmeasured sociodemographic or clinical patient characteristics may confound these survival patterns; for example, patients with EGFR mutations may more likely be referred to an NCI cancer center for treatment.
Interestingly, because we included small-cell lung cancers in our analysis, we were able to compare survival for NSCLC histologic subtypes with survival for small-cell lung cancer, and we found that, as expected, mortality for adenocarcinoma was lower than that for small-cell cancer among Chinese American men; however, we did not find a comparable mortality difference among Chinese women. In contrast, we found markedly worse survival for squamous cell lung cancer than small-cell lung cancer among women. These results should be interpreted with caution, however, considering the high proportion of tumors classified here as NSCLC, not otherwise specified (23% among men and 20% among women). The proportion of NSCLCs diagnosed with histology not otherwise specified has steadily declined over time 19 as a result of the availability of targeted therapies for specific lung cancer histologies; the majority of these are likely adenocarcinomas.
The primary limitation in our study involves the absence of cancer registry data on potentially important prognostic factors for lung cancer, including specific treatments, tumor genetic markers (such as EGFR and ALK mutation status), smoking history, and comorbid conditions that affect treatment decisions and survival time. Sex differences in EGFR mutations may well explain the survival differences between Chinese men and women; however, it is unlikely that EGFR mutations would confound the associations between marital status and SES with survival. Although it is possible that our study results are biased as a result of misclassification of race or ethnicity, prior research shows minimal misclassification of Chinese ethnicity in cancer registry data. 20 In summary, despite generally poor survival for lung cancer, our study did identify several nonclinical factors associated with lung cancer survival among Chinese Americans, including sex, marital status, and SES. Focusing on factors that differ between female married and unmarried patients (eg, greater social and/or instrumental support or improved economic resources) and patients who live in low versus high SES communities (eg, greater socioeconomic resources, ability to access and pay for treatments), as well as characteristics unique to NCI-designated cancer centers (eg, presence of tumor boards, access to clinical trials), may help to identify potential strategies for improving the length and quality of survival for Chinese Americans after diagnosis of lung cancer. 
